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ABSTRACT

Luttermoser, Timothy J. M.S., Purdue University. May 2016. Nestmate Recognition in
Odorous House Ants (Tapinoma sessile): Effects of Social Plasticity, Urbanization, and
Laboratory Maintenance. Major Professors: Dr. Grzegorz Buczkowski and Dr. Gary W.
Bennett.
Odorous house ants (Tapinoma sessile) are a widespread North American ant species and
common nuisance pest. In addition to their pest status, odorous house ants are of interest
as a model system for understanding the factors that lead to variable queen number and
nesting strategy across ants, as well as possible insight into common traits of exotic
invasive (or “tramp”) ant species. While T. sessile is native to North America, in urban
environments it forms large supercolonies with many queens and nest sites connected by
trails, similar to a variety of exotic invasive ants, most of which are of tropical or
subtropical origin.
To determine the extent to which odorous house ants follow patterns of reduced
conspecific aggression commonly found in other ant species with similar polygynous
colony structures, a variety of behavioral assays were used to assess aggressive behavior
between members of colonies from natural and urban environments. For all three assays,
urban polygynous colonies were in fact the most aggressive, in contrast to my
predictions. While the reasons for higher aggression in urban colonies are not clear, it is
possible that the natural colonies of odorous house ants are simply too small to risk losses
due to conflict. The extremely large worker populations of urban supercolonies may
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allow different competitive strategies that were previously impossible for T. sessile to
utilize successfully.
While a large proportion of the research on ant behavior and chemical ecology is
performed within a laboratory setting, relatively few studies have directly examined the
effects of laboratory maintenance on ants. Using a combination of methods from
behavioral and chemical ecology, I compared workers that had been maintained in a lab
over time to workers freshly collected from the field at a variety of time points. In
contrast with previous research on the topic, this study had the added strength of taking
several observations in a series over time, rather than simply comparing an initial and
final time point. Contrary with those studies, I found no effect of lab maintenance on ant
behavior. Cuticular hydrocarbon profiles were significantly altered by laboratory
maintenance, however, this effect was small when compared to the differences in
cuticular hydrocarbon profiles between colonies. However, given the likelihood of
different responses for different species as well as the possibility of stronger effects with
longer durations of laboratory maintenance, I encourage others to replicate my method
with a broad variety of ant species and conditions.
Taken together, these findings demonstrate that even for well-established patterns
in ecology, any given species may deviate from the expectation for a variety of reasons.
Continuing to test established theory with a wider range of organisms and conditions will
ultimately strengthen our ability to create predictive theory for systems which are not
currently as well understood.
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CHAPTER 1. LITERATURE REVIEW

1.1 Facultative Polygyny in Formicidae
While ant colonies are usually thought of as containing a single queen, 50% or more of
ant species are known to contain multiple queens at least under certain conditions
(Yamauchi and Ogata 1995). This phenomenon is referred to as polygyny. Species whose
colonies always contain multiple queens are obligately polygynous, while those where
individual colonies may have one or more queens are facultatively polygynous. Primary
polygyny is when multiple queens are found a nest together, while secondary polygyny is
when an originally monogynous colony becomes polygynous later in its life cycle,
generally as a result of accepting daughters of currently present queens into the colony
(Hölldobler and Wilson 1977).
Polygyny has been an object of great interest among many researchers of social
insects, as polygynous colonies should result in lower fitness for individual queens.
Unlike many organisms, Hymenoptera (including the ants) have a haplodiploid sex
determination system, meaning that females are diploid and males are haploid. Hamilton
(1964a,b) demonstrated that, for singly-mated queens, female Hymenoptera have a 0.75
relatedness coefficient to their daughters, as opposed to the normal 0.5 relatedness
between parents and offspring. He further argued that this unusually high relatedness
within Hymenoptera enabled the evolution of sociality by increasing the inclusive fitness
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benefits for females which abandon their own reproductive potential in favor of
increasing the reproductive output of their female relatives. However, in polygynous
colonies of Hymenoptera the relatedness between members of the colony is reduced with
each additional reproductive female present, weakening the ability of inclusive fitness to
explain how a sterile caste could be maintained. In contrast, Nonacs (1988) found that
polygyny could be favored by kin selection when colony survivorship was high and the
proportion of sexual offspring in a brood is not significantly decreased by polygyny.
Interestingly, Nonacs (1988) also showed that primary polygyny may be favored by
queens, while secondary polygyny may be favored by workers.
In many cases, polygyny has been explained as an adaptive response to some
environmental limitation. One of the most common factors cited for encouraging
polygyny is nest site limitation, particularly in environments where suitable nesting
habitat is patchily distributed. In patchy environments, dispersal risks increase. Under
ideal conditions, each queen maximizes her individual fitness by founding a monogynous
colony containing only her offspring. When dispersal risk increases to the point that such
independent founding is extremely improbable, individual queens and their relatives (e.g.
mothers and sisters) increase their inclusive fitness by forming secondarily polygynous
colonies. In essence, it is better to form polygynous colonies with lower internal
relatedness in conditions where too many of the colony’s daughters would die in the
attempt to found a new colony (Steinmeyer et al. 2012, Rubin et al. 2013).
Leptothorax longispinosus colonies, which opportunistically nest in preformed
cavities, are more likely to form polygynous colonies when available nesting sites are
limited (Herbers 1986). Herbers (1986) argued that when the chance of founding a new
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colony is extremely low, such as due to nest site limitation, existing colonies may
increase their inclusive fitness by accepting related females (e.g. daughter queens) back
into the colony. However, apparent polygyny does not always result in actual functional
polygyny, even within this genus: a member of the Leptothorax “muscorum” complex,
Leptothorax sp. A, had only a single dominant queen that oviposited even in colonies
with 13 females that were physiologically capable of reproduction (Heinze and Smith
1990). Rubin et al. (2013) found that queens in nest-site limited Crematogaster mimosae
were significantly more related than expected if they associated randomly, including
several full sisters within the same colony.
In boreal forests, disturbances such as fallen trees create ephemeral habitat
patches with abundant nest sites for ant species which specialize in open habitat. Yet,
other species are able to found colonies at various stages of forest succession and persist
regardless of the temporary opening in the forest canopy. Seppä et al. (1995) found that
patterns of habitat age and polygyny in boreal forests varied between species. Myrmica
ruginodis was more polygynous during transitional succession stages with low nest-site
availability and more monogynous in stable, old growth forest (in contrast with the
predictions of Hölldobler and Wilson (1977)), while Formica sanguinea was more likely
to be weakly polygynous in older, more stable colonies. Leptothorax acervorum was
found to have functionally monogynous colonies in a pattern similar to that of L. sp. A as
discussed earlier. Polygyny in Formica truncorum increased in older habitats. F.
truncorum is known to have entirely monogynous populations and highly polygynous
populations (Sundström 1993). While the pattern found by Seppä et al. could be due to
habitat crowding, it is also possible that F. truncorum is able to found colonies at many
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different points in the successional process, making the relationship unclear. Given the
differences known in other populations and their own results, Seppä et al. (1995) argued
that the transition from monogyny from polygyny may be rapid once the process has
begun. This seems plausible as a more general statement: once the initial barrier to
accepting additional functional queens has been overcome, the effect of polygyny on
relatedness diminishes with each additional queen, so it seems likely that colonies will
not enforce some arbitrary limit of allowing four queens vs. allowing several dozen.
Pedersen and Boomsma (1999) found that Myrmica sulcinodis colonies were
significantly more polygynous in habitats with lower probability of successful dispersal,
even within the same population, while McGlynn (2010) found that thief ants (Solenopsis
spp.) were more polygynous in more competitive, nest-limited habitat.
While nesting habitat is often emphasized in studies of polygyny, there are other
relevant factors. Foitzik et al. (2004) studied Leptothorax longispinosus polygyny in the
context of food and nest resources, as well as the presence of the slave-making ant
Protomognathus americanus. P. americanus not only raids L. longispinosus for slave
workers, but regularly destroys L. longispinosus colonies in the process. Under high
slave-maker pressure, colonies tended to be small and monogynous, likely because
regular colony destruction opened up new nest sites for founding queens to utilize, and
responded more strongly to food supplementation. In contrast, older colonies of L.
longispinosus in areas with less pressure from P. americanus were commonly larger and
polygynous, and were less strongly influenced by nest site supplementation. In total, the
results of this study emphasize the complexity of environmental factors affecting
polygyny (Foitzik et al. 2004).
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Facultative polygyny can have a strong genetic component regardless of
environment. Perhaps the most famous case is the red imported fire ant, Solenopsis
invicta. A major invasive pest of the southeastern United States, S. invicta has clearly
defined polygynous and monogynous forms. Krieger and Ross (2002) found that a single
gene, Gp-9, had two alleles which perfectly mirrored polygyny across the genus
Solenopsis. Ants with the genotype BB came from monogynous colonies, while the
genotype Bb is associated with polygyny (bb appears to be fatal in all cases). They
emphasized that the similarity of this gene to those encoding for odorant-binding proteins
implied likely functions related to cuticular hydrocarbon profiles, which are known to
facilitate nestmate recognition. Wang et al (2013) investigated Gp-9 further to determine
if it might be located within a supergene, a chromosomal region containing many tightly
linked genes. Gp-9’s odorant-binding functions do not necessarily account for other
aspects of the polygynous form of S. invicta including queen fecundity and queen size.
Indeed, Wang et al. (2013) found that there is a supergene they termed a “social
chromosome” that is consistently associated with the distinction between polygynous and
monogynous forms. Moreover, Purcell et al. (2014) showed that the Alpine silver ant,
Formica selysi, independently and convergently evolved a structurally similar genetic
region which explained distinctions between monogynous and polygynous forms of that
species.

1.1.1 Unicoloniality and Supercolonies
Unicoloniality is the most extreme expression of polygyny and polydomy. In unicolonial
species, entire populations behave as a single colony with no intraspecific aggression

6
(Helanterä et al. 2009). To date, no species has been discovered which is purely
unicolonial across the entire species. The related term “supercolony” is often less precise
in its usage, but refers to an extremely large colony consisting of many queens and nests
over a large geographic area. Supercolonies appear to have evolved several times
throughout the more derived Formicidae, with examples known in the
Pseudomyrmicinae, Dolichodinerae, Formicinae, and Myrmicinae. While relatedness
varies between supercolonies, in some cases it approaches zero, begging the question of
how such a social structure is stable. Research thus far suggests that mergers of existing
colonies do not generally occur, but rather that large supercolonies develop over time
from smaller colonies under particular conditions (Helanterä et al. 2009).
In Argentine ants (L. humile), a genetic bottleneck appears to have occurred when
invading new continents, resulting in extremely low genetic diversity in the new habitat.
This low genetic diversity, particularly when coupled with the ecological release from
predators and pathogens linked with invasion, allows colonies to grow unchecked without
developing aggression within the new population. In essence, with low genetic diversity,
the same thresholds used to define nestmate recognition in the native habitat never find a
mismatch, and so supercolonies form (Helanterä et al. 2009). A supercolony of L. humile
even exists which includes populations in Japan, California, and Southern Europe that
show no aggression to each other, but will each show aggression towards other
supercolonies (Sunamura et al 2009).
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1.1.2 Polygynous Supercolonies and Local Biodiversity
Polygynous colonies have important effects on interspecific interactions as well. Habitats
containing polygynous and unicolonial colonies are known to often have less diverse ant
communities. In some cases (e.g. Formica exsectoides) it is unclear the extent to which
polygynyous ants are adapting in response to habitats that are species-poor, or actively
exclude other ant species (Hölldobler and Wilson 1977). However, there are many
species where extirpation of other ants due to aggression and competition by polygynous
supercolonies is well-documented. Formica exsecta and F. opaciventris are both known
to exclude some other ant species through aggressive interactions (Hölldobler and Wilson
1977). Lasius neglectus forms supercolonies throughout Europe and Asia, and greatly
reduces arthropod diversity in its introduced range through both exploitation competition
and aggression (Ugelvig et al. 2008). Polygynous colonies of Solenopsis invicta have
been shown to reduce both overall arthropod diversity and abundance of members of
other species, although certain individual species actually increase in abundance with S.
invicta invasion (Wojcik et al. 2001). Human and Gordon (1997) found that in sites
invaded by L. humile, native ant communities were significantly less diverse and
abundant (with the exception of hypogaeic species, which seem to coexist with L. humile
due to lower rates of interaction). Non-ant invertebrate communities were less diverse as
well, although effects varied by group (for example, Carabidae were overrepresented in
areas with L. humile as compared to areas without). Similar results have been found for
Wasmannia auropunctata and Anoplolepis gracilipes (Holway et al. 2002).
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1.2 Odorous House Ant Biology and Diet
Odorous house ants (Tapinoma sessile) are a cosmopolitan North American species of ant
in the subfamily Dolichoderinae. They are found from the Atlantic Coast to the Pacific
Coast and from sea level to altitudes over 3,000 meters. Their common name is due to an
odor emitted when alarmed or crushed that is often compared to blue cheese, rotting
coconut, or turpentine (Smith 1928).
Like many other dolichoderine ants, T. sessile are opportunistic in nesting and
diet. While their foraging primarily focuses on sugary liquids such as hemipteran
honeydew, odorous house ants will readily scavenge on dead insects, floral and
extrafloral nectaries, and anthropogenic food sources. They do not construct nests or
tunnels, instead nesting in any available cavity (Smith 1928). In their native forest
habitats, T. sessile are generally found nesting in small cavities such as hollow acorns and
nuts. However, they may also be found under stones or in leaf piles. Larger colonies seem
especially likely to exploit leaf piles in the natural environment. In the urban
environment, odorous house ants can be found in wall voids, in mulch or leaf piles, and
under landscaping stones, among other opportunistic and unusual nest sites (Buczkowski
2010). Odorous house ants may move nest sites frequently (Thompson 1990), although
urban colonies seem to consistently utilize certain (presumably optimal) nesting sites
while opportunistically occupying and abandoning other more peripheral sites
(Buczkowski and Bennett 2008a).
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1.2.1 Urbanization and Native “Invasive” Species
Invasive ants commonly termed “tramp ants” share a suite of traits including
polygyny, large-scale polydomy, mating in or near the nest, dispersal by colony budding,
and success in disturbed areas and/or near human buildings. Generally, tramp ants are
widespread exotic invasives, such as Linepithema humile, Wasmannia auropunctata,
Pheidole megacephala, and others (Kirschenbaum and Grace 2008). However, T. sessile
provides an interesting example of a native “invasive” ant. While the details of its mating
system in the urban environment are not known, T. sessile is extremely successful in
disturbed areas near human habitation and exhibits extreme polygyny and polydomy.
While colonies in natural and semi-natural areas in Tippecanoe County are monogynous
and monodomous, with natural colonies generally containing fewer than 100 workers,
colonies in urban habitats commonly contain hundreds of queens and are spread across
several interconnected nests (Buczkowski 2010). Similar to other ants considered
biologically invasive, urban odorous house ant colonies are correlated with reduced
abundance and diversity of other ants near their nests (Salyer et al. 2014). In exotic tramp
ants, particularly L. humile, the genetic bottleneck of invasion is commonly used to
explain the large supercolonies that develop. Menke et al. (2010) examined several
populations of odorous house ants from across North America and found that large
polygynous colonies of odorous house ants were consistently more related to the local
monogynous fauna than they were to more geographically distant polygynous colonies.
This strongly implies that odorous house ants are naturally pre-adapted for urban
invasion, and have successfully established polygynous colonies on several independent
occasions, rather than a single switch to polygyny which was then spread by human-
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vectored dispersal. Menke et al. (2010) also found weakly polygynous colonies in natural
habitats and monogynous urban colonies, although the densest colonies in terms of both
queens and workers were always found in urban habitats (e.g. a natural colony with five
queens as opposed to urban colonies with thousands of queens).
Odorous house ants have long been considered a nuisance pest, as their name
implies (Smith 1928). However, in recent years their numbers seem to have greatly
increased in urban environments, and they are commonly among the most abundant
species in cities across North America after pavements ants (Tetramorium caespitum)
(Buczkowski 2010). Odorous house ants have also recently been discovered as an exotic
invasive in Hawaii, a rare example of a temperate-origin ant invading a tropical region
(Buczkowski and Krushelnycky 2011).

11
1.3 References
Buczkowski G., and Bennett, G.W. (2008). Seasonal polydomy and unicoloniality in a
polygynous population of the odorous house ant, Tapinoma sessile. Ecological
Entomology, 33, 780-788.
Buczkowski, G., and Bennett, G.W. (2008). Aggressive interactions between the introduced
Argentine ant, Linepithema humile and the native odorous house ant, Tapinoma sessile.
Biological Invasions, 10, 1001-011.
Buczkowski, G. (2010). Extreme life history plasticity and the evolution of invasive
characteristics in a native ant. Biological Invasions, 12, 3343-3349.
Buczkowski, G., and Krushelnycky, P. (2011). The odorous house ant, Tapinoma sessile
(Hymenoptera: Formicidae), as a new temperate-origin invader. Myrmecological News,
16, 61-66.
Foitzik, S., Backus, V.L., Trindl, A., and Herbers, J.M. (2004). Ecology of Leptothorax ants:
impact of food, nest sites, and social parasites. Behavioral Ecology and Sociobiology, 55,
484-493.
Hamilton, W.D. (1964). The genetical evolution of social behavior, I. Journal of Theoretical
Biology, 7, 1-16.
Hamilton, W.D. (1964). The genetical evolution of social behavior, II. Journal of Theoretical
Biology, 7, 17-52.
Heinze, J., and Smith, T. (1990). Dominance and fertility in a functionally monogynous
ant. Behavioral Ecology and Sociobiology, 27, 1-10.
Helanterä, H., Strassmann, J. E., Carrillo, J., and Queller, D. C. (2009). Unicolonial ants:
Where do they come from, what are they and where are they going? Trends in Ecology
and Evolution, 24, 341-349.

12
Herbers, J.M. (1986). Effects of ecological parameters on queen number in Leptothorax
longispinosus (Hymenoptera: Formicidae). Journal of the Kansas Entomological Society,
59, 675-686.
Hölldobler, B., and Wilson, E. O. (1977). The number of queens: An important trait in ant
evolution. Naturwissenschaften, 64, 8-15.
Human, K. G., and Gordon, D. M. (1997). Effects of Argentine ants on invertebrate
biodiversity in northern California. Conservation Biology, 11, 1242-1248.
Kirschenbaum, R. and Grace, J.K. (2008). Agonistic responses of the tramp ants Anoplolepis
gracilipes, Pheidole megacephala, Linepithema humile, and Wasmannia auropunctata
(Hymenoptera: Formicidae). Sociobiology, 51, 673-683.
Krieger, M. J., and Ross, K. G. (2001). Identification of a major gene regulating complex social
behavior. Science, 295, 328-332.
McGlynn, T.P. (2010). Polygyny in thief ants responds to competition and nest limitation but not
food resources. Insectes Sociaux, 57, 23-28.
Nonacs, P. (1988). Queen number in colonies of social Hymenoptera as kin-selected adaptation.
Evolution, 42, 566-580.
Pedersen, J., and Boomsma, J. (1999). Effect of habitat saturation on the number and turnover
of queens in the polygynous ant, Myrmica sulcinodis. Journal of Evolutionary
Biology, 12, 903-917.
Purcell, J., Brelsford, A., Wurm, Y., Perrin, N., and Chapuisat, M. (2014). Convergent
genetic architecture underlies social organization in ants. Current Biology, 24, 27282732.
Rubin, B.E.R., Anderson, R.M., Kennedy, D., Palmer, T.M., Stanton, M.L., and Lovette, I.J.
(2013). Polygyny in the nest-site limited acacia-ant Crematogaster mimosae. Insectes
Sociaux, 60, 231-241.

13
Seppä, P., Sundström, L., and Puntilla, P. (1995). Facultative polygyny and habitat succession
in boreal ants. Biological Journal of the Linnean Society, 56, 533-551.
Steinmeyer, C., Pennings, P.S., and Foitzik, S. (2012). Multicolonial population structure and
nestmate recognition in an extremely dense population of the European ant Lasius flavus.
Insectes Sociaux, 59, 499-510.
Sunamura, E., Espadaler, X., Sakamoto, H., Suzuki, S., Terayama, M., and Tatsuki, S.
(2009). Intercontinental union of Argentine ants: behavioral relationships among
introduced populations in Europe, North America, and Asia. Insectes Sociaux, 56, 143147.
Sundström, L. (1993). Genetic population structure and sociogenetic organisation in Formica
truncorum (Hymenoptera; Formicidae). Behavioral Ecology and Sociobiology, 33, 345354.
Ugelvig, L. V., Drijfhout, F. P., Kronauer, D. J., Boomsma, J. J., Pedersen, J. S., and
Cremer, S. (2008). The introduction history of invasive garden ants in Europe:
integrating genetic, chemical and behavioural approaches. BMC Biology, 6.
Wang, J., Wurm, Y., Nipitwattanaphon, M., Riba-Grognuz, O., Huang, Y., Shoemaker, D.,
and Keller, L. (2013). A Y-like social chromosome causes alternative colony
organization in fire ants. Nature, 493, 664-668.
Wojcik, D. P., Allen, C. R., Brenner, R. J., Forys, E. A., Jouvenaz, D. P., and Lutz, R. S.
(2001). Red imported fire ants: Impact on biodiversity. American Entomologist, 47, 1623.
Yamauchi, K. and Ogata, K. (1995). Social structure and reproductive systems of tramp versus
endemic ants (Hymenoptera: Formicidae) of the Ryukyu Islands. Pacific Science, 49, 5568.

14

CHAPTER 2. CONSPECIFIC AGGRESSION AND SOCIAL PLASTICITY IN
ODOROUS HOUSE ANTS (TAPINOMA SESSILE)

2.1 Abstract
Odorous house ants (Tapinoma sessile) are a cosmopolitan North American species and
common urban pest with a plastic social system. In their native forest habitats, they live
in small colonies containing a single queen. In the urban environment, T. sessile forms
large polygynous colonies with hundreds of queens. Other behavioral effects of this
change in lifestyle are poorly understood, including possible altered interactions between
colonies. I expected urban colonies to be less aggressive towards outsiders compared to
natural colonies due to a well-known pattern of increased genetic diversity within ant
colonies leading to weaker nestmate recognition systems and decreased aggression.
Colonies of T. sessile from natural and urban habitats around Tippecanoe County, Indiana
were collected and paired in a series of behavioral assays. Three different aggression
assays were used: (1) worker dyad interactions, (2) small group interactions with five
workers from each colony, and (3) colony fragment interactions with 50 workers from
each colony. Contrary to my prediction, I demonstrate that higher levels of aggression
exist in pairings containing urban colonies, although workers from natural colonies may
have been less aggressive due to avoidance rather than acceptance of foreign workers. It
is unclear whether aggressive ants are more likely to colonize urban environments, or if
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ants become more aggressive in urban environments. These results may help explain the
observed dominance and competitive ability of odorous house ants in urban environments
despite their relatively meek natural behaviors.

2.2 Introduction
In many species of ants, polygyny is connected to reduced aggression within a species,
with unicolonial populations as the most extreme example (Helanterä et al. 2009). Reeve
(1989) demonstrated theoretically that ants could possess different thresholds for
accepting or rejecting conspecific ants as colony mates in a context dependent manner. In
particular, ants developed a template for recognition cues based primarily on odor
(determined by cuticular hydrocarbons), and that this threshold facilitated false positives
and false negatives due to variability across populations. In polygynous colonies,
nestmates are inherently more diverse due to genetic factors, and the diversity in
recognition cues may be further increased by the effects of environmental factors such as
nesting substrate on cuticular hydrocarbons in polydomous colonies. According to
theoretical models, the increase in diversity in recognition cues will lead to an increase in
nestmate acceptance errors, whereby foreign ants are mistakenly accepted as colonymates.
Starks et al. (1998) showed that in Pseudomyrmex pallidus, workers from
polygynous colonies interacted with non-nestmates more frequently and were less
aggressive towards non-nestmates than workers from monogynous colonies. Interactions
with nestmates were not significantly different for workers from polygynous or
monogynous colonies, although workers from polygynous colonies did show a slight
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trend towards avoiding their nestmates more often compared to workers from
monogynous colonies. In Myrmica rubra, workers from colonies with increased genetic
diversity due to a greater number of queens present were less aggressive than workers
from colonies with fewer queens (Fürst et al. 2012). Morel et al. (1990) found that
workers from polygynous colonies of Solenopsis invicta were less aggressive in all
contexts involving non-nestmate conspecifics compared to workers from monogynous
colonies, although workers in both social systems showed similar low levels of
aggression to nestmates removed and returned to the nest, and similar high levels of
aggression to Solenopsis richteri workers.
In contrast, polygynous and monogynous colonies of Formica fusca showed no
difference in nestmate discrimination or aggression towards non-nestmates (Helanterä et
al 2011). Similar results have been found in studies of Formica selysi (Rosset et al. 2007)
and Formica paralugubris (Holzer et al. 2006), implying that at least in this genus,
mechanisms for precise nestmate recognition are maintained regardless of a range of
polygynous states (but see Sundström 1997). Numerous studies have shown that
aggression can be context-dependent, further complicating the study of the relationship
between polygyny and nestmate recognition (Buczkowski and Silverman 2005, Bos et al.
2010, Sturgis and Gordon 2012).
This study examined the extent to which T. sessile colonies from different habitats
and social structures exhibited aggression towards alien conspecifics. Multiple aggression
assays were conducted to ensure the reliability of the results based on the work of
Roulston et al. (2003). While I initially predicted that large urban polygynous colonies
would exhibit reduced aggression due to altered nestmate recognition thresholds, the
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opposite pattern was observed. These unexpected results are interpreted in the context of
mutually non-exclusive and potentially overlapping explanations based on the natural
history of T. sessile and parallels with another dolichoderine tramp ant, L. humile.

2.3 Materials and Methods
2.3.1 Colony maintenance
Colonies of odorous house ants were collected from fourteen sites in West Lafayette and
Lafayette, IN in the late spring and early summer of 2014 (assays 1 and 2) and 2015
(assay 3). They were reared in FluonTM-coated nesting trays containing plaster nests and
water tubes, with a 20% sucrose solution (ad libitum), and artificial diet (modified from
Bhatkar and Whitcomb, 1970) provided once a week. Colonies were maintained and all
experiments were conducted at 25 + 2°C, 60 + 10% RH, and 14:10 L:D cycle.

2.3.2 Aggression Tests
Aggression was measured using three different aggression bioassays: worker dyads in a
neutral arena, group worker interactions in a neutral arena, and a large arena assay
involving shared resources. In all assays, “aggression” and “fighting” were defined as
level 3 or above on a 1-4 scale (Suarez et al. 2002, Buczkowski and Bennett 2008b) [1 =
ignore, 2 = avoid, 3 = aggression (lunging, brief bouts of biting, and/or pulling), 4 =
fighting (prolonged aggression, also abdomen curling to deposit defensive compounds)],
although the scoring of the scale itself was only used for the analysis in assay 1. Ten
colonies were collected from each habitat for assays 1 and 2, which were performed in
the summer of 2013. Each colony was paired with six other colonies from the same
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habitat type and three colonies from a different habitat type. Six urban and eight natural
colonies were collected for assay 3, which was performed in the summer of 2014. In all
assays, workers used were discarded after testing.

2.3.2.1 Assay 1: worker dyad interactions in a neutral arena
Individual workers from two separate colonies were randomly selected, collected using a
toothpick and placed into a two-dram glass vial. The top half of each vial was coated with
FluonTM, confining the ants to a small area and maximizing the chance of interaction.
Four replicates were performed for each pairing, with each trial lasting for five minutes.
Each instance of direct physical contact was scored using the aggression scale described
previously.

2.3.2.2 Assay 2: small group interactions in a neutral arena
Five randomly selected workers from colony A were placed into a 9 cm FluonTM-coated
petri dish. Similarly, 5 randomly selected workers from colony B were placed into a 15
cm diameter petri dish. Both groups were allowed to calm for 5 minutes, after which the
two groups were combined by gently emptying the ants from the smaller dish into the
larger dish. The number of ants involved in fighting (aggression level 3 or above) was
recorded at 1, 5, 10, 20, 40, and 60 minutes after the two groups were mixed, and then
every hour afterwards until 8 hours was reached. At each time point dead ant numbers
were also recorded. In cases of live ants interacting with dead ants, the interaction was
not recorded as aggression due to the difficulty in distinguishing aggression from picking
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up a dead nestmate. The same pairings were used as in assay 1, and three replicates were
performed for each pairing.

2.3.2.3 Assay 3: resource competition (colony merging) assay
Fragments of urban and natural colonies consisting of 50 workers, no queens, and no
brood were placed into a single small rearing tray with a single plaster nest and a single
water tube. The number of ants fighting and dead were recorded at 5, 10, 20, 40, and 60
minutes, every hour to 8 hours, and 24 hours later. This design maximized the amount of
actual interaction between groups of ants, which commonly avoided each other in larger
arenas.

2.3.3 Statistical Analysis
Dyad aggression data were analyzed using the maximum aggression score in any given
trial as the dependent variable in cumulative link mixed models with the R package
ordinal (Christensen 2015). The type of colony pairing (urban to urban, urban to natural,
or natural to natural) was treated as a fixed effect independent factor, while colony
identities were incorporated as random factors. Colony identities included an interaction
effect and pair type was nested within colony identity due to the non-independence of
these variables.
Small group interactions were analyzed using a linear mixed-effect model with
the R package lme4 (Bates et al. 2015), with pair type as the independent variable, total
dead at the end of the trial as the dependent variable, and colony identities as random
effects. Similarly to the dyad aggression tests, the interaction between colony identities
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was accounted for and pair type was nested to account for non-independence. Due to
non-normality of the data, a null distribution was created via randomization with 9999
iterations. Pairwise tests were performed using Tukey’s Honestly Significant Differences
in the package lsmeans (Lenth 2016).
Colony merging results were analyzed using the same model as small group
interactions, including a randomized null distribution with 9999 iterations and the same
factors in the model. All analyses were performed in R (R Core Team 2015).

2.4 Results
For dyad aggression tests, a model accounting only for the fixed factor of colony pair
type was not significantly different from a model which also included colony identities
(X2(2) = 3.9754, p = 0.137), but the latter was preferred for biological relevance. Both of
these models were significantly different from the null model (p=0.013). Natural-natural
pairings were significantly less aggressive than pairings containing any urban colonies
(p=0.040). Urban-urban and urban-natural pairings were not significantly different from
each other (p = 0.670) (see Figure 2.1).
In small group interactions, differences between pair types were tested using a
randomization with 9999 iterations and were significant, F(2,181) = 34.3, p < 0.001.
Tukey’s HSD further showed that mixed pairings and natural-natural pairings were both
significantly different from urban-urban pairings (p = 0.016 and p < 0.001 respectively),
with mixed and natural-natural pairings marginally significantly different from each other
(p = 0.072). Urban-urban pairings were the most aggressive (see Figure 2.2).
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For colony merging trials, differences between pair types were tested using a
randomization with 9999 iterations and were significant, (F(2,110) = 73.19, p < 0.0001).
Using Tukey’s HSD, urban-urban pairings and mixed pairings were both significantly
different from natural-natural pairings (p = 0.0336 and p = 0.0353 respectively), with
mixed and urban-urban pairings showing no difference (p = 0.111). Urban-urban pairings
and mixed pairings were more aggressive (see Figure 2.3).

2.5 Discussion
The results indicate that pairings including urban colonies showed the highest levels of
aggression. In the dyad aggression test, both urban-natural and urban-urban pairings were
more aggressive than natural-natural pairings. In small group interactions the effect of
urban colonies was best seen in urban-urban pairings, which had significantly higher ant
mortality than all other ant pairings. Urban-natural pairings were only marginally
different from natural-natural pairings for the small group test, but the trend of a greater
number of dead ants remained the same. In the colony merging trials, urban-urban and
urban-natural pairings both had significantly higher ant mortality than all other ant
pairings.
Higher aggression in pairings with urban colonies was not predicted, but there are
several possible, non-exclusive explanations for this result. Critically, it is important to
note that the differences in level of aggression seen in the dyad assay are driven primarily
by a larger number of 2s and 3s recorded in Natural-Natural trials, and not a larger
number of 1s. These results of 2 and 3 are the aggression scores recorded when one ant
attempts to flee, meaning that lower aggression in this case was not due to nestmate
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recognition errors resulting in incorrect acceptance of a foreign conspecific as a nestmate,
but rather avoidance of foreign conspecifics altogether. Natural colonies are quite small,
and T. sessile workers have been observed to be relatively poor fighters compared to
many other species in the area (Salyer and Buczkowski, unpublished data). Furthermore,
Buczkowski and Bennett (2008b) showed that T. sessile fared poorly in aggressive group
interactions against Argentine ants (L. humile). It is possible that for natural colonies of
odorous house ants, avoiding fights is a better strategy for the colony’s overall survival
than risking losing workers from such a limited population. This is further supported by
the observation that, in many of the colony merging assays, the ants separated into two
relatively stationary clumps (often one in or near the nest and one in or near the water
tube) over the course of 24 hours without mixing or extensive fighting.
As urban colonies become much larger, their numbers may increase their ability
to win fights regardless of individual fighting ability. With such a large number of
workers, individuals become more expendable when pursuing some resource or
excluding potential competitors, potentially explaining the increased aggression of urban
colonies. Stuart (1991) found no difference in aggression between polygynous and
monogynous colonies of Leptotorax ambiguus, but did find that larger nests were
significantly more aggressive than smaller nests. Conversely, it is possible that colonies
which are predisposed to more aggressive behavior are more successful in the urban
environment, whereas timid colonies are unable to successfully colonize urban habitat.
Finally, there is a well-documented trade-off between resource discovery and
domination in ant communities around the world (Adler et al. 2007, Stuble et al. 2012,
Bertelsmeier et al. 2015). When ant species overlap in geography, certain species excel in
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rapid discovery and exploitation of resources, while other species may be slower to find
food, but use superior fighting ability or repellent chemical compounds to exclude other
ants and so dominate the resource. These interactions are also referred to as exploitation
and interference competition, respectively. Consistent hierarchies tend to form in a given
area with a given set of species (but see Cerdá et al. 1998, Parr and Gibb 2011). Davidson
(1998) described a possible mechanism for the Argentine ant’s ability to exclude nearly
all other ants from its territories in the invasive range. Davidson (1998) argued that
invasive Argentine ant colonies escape this trade-off and excel at both dominance and
discovery, allowing them to completely exclude most other ants. The traits described as
being relevant to escape the trade-off are numerical dominance, a diet focused on sugary
liquids such as Hemipteran honeydew, opportunistic nesting, polydomy, and polygyny,
all traits which urban odorous house ant colonies possess as well. It is possible that urban
odorous house ants have, on a smaller scale, exploited the same mechanisms to escape
this trade-off that Argentine ants have. Similar patterns have been seen in several
invasive ants, including Myrmica rubra (Garnas et al. 2014). In further support of this,
Salyer et al. (2014) found that local ant biodiversity was lower in urban habitats
containing odorous house ant colonies, but that odorous house ant colonies had no effect
on local ant biodiversity in natural habitat.
In conclusion, while odorous house ants did not follow the expected pattern
relating polygyny and greater acceptance of conspecific workers, the observed high levels
of aggression by urban colonies may be consistent with other ecological patterns relating
to colony size and “invasive” behavioral syndromes. This work emphasizes the
importance of considering the particular natural history of a study organism when making
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predictions based on larger patterns, and further confirms the value of T. sessile as a
model organism for studying facultative polygyny and invasion biology in urban systems.
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CHAPTER 3. EFFECTS OF LABORATORY MAINTENANCE ON CUTICULAR
HYDROCARBON PROFILES AND CONSPECIFIC AGGRESSION IN ODOROUS
HOUSE ANTS (TAPINOMA SESSILE)

3.1 Abstract
Laboratory-maintained colonies are commonly utilized in the research in studies of ant
behavior, communication, and ecology. However, relatively few studies have examined
how the unique conditions of laboratory rearing may influence the acquired data. Relative
to colonies in the field, lab-maintained colonies typically experience steady temperature
and humidity, homogenous nesting substrates and diets, regular access to food and water
sources, and reduced risk of predation. Colonies of odorous house ants (Tapinoma
sessile) were maintained in a laboratory setting for 16 weeks. Every two weeks, workers
were collected from the same colonies in the field and paired for behavioral aggression
assays. Cuticular hydrocarbon extracts were also collected from both sets of workers and
analyzed for relative abundance using gas chromatography-mass spectrometry (GC-MS).
While no significant effects on aggression between colonies were found, cuticular
hydrocarbon profiles did significantly change due to laboratory maintenance over the
course of 16 weeks. However, these changes were relatively small in magnitude
compared to differences in cuticular hydrocarbons based on colony level variation. To
my knowledge, this is the first study to take a longitudinal approach that combines
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aggression assays and cuticular hydrocarbon profiles in a single project on the effects of
lab maintenance.

3.2 Introduction
Cuticular hydrocarbons (CHCs) are known to be important recognition cues across
solitary and social insects, and have received particular attention in the social
Hymenoptera (Martin and Drijfhout 2009). In ants, CHCs play a role in maintaining
colony boundaries: while individual variation does exist within colonies, each colony
possesses its own overall odor, generally homogenized by such behaviors as trophallaxis
and grooming. Ants with a similar enough odor are accepted as nestmates, while an
intruder whose CHC profile differs too greatly from that of the colony will be attacked
(Liang et al. 2001). In the Argentine ant Linepithema humile, a dolichoderine species
well-known for extensive polygyny and erosion of colony boundaries, colony fusion has
been linked to CHC profiles, and CHC profiles have been shown to homogenize
somewhat after fusion (Vásquez et al 2009).
Cuticular hydrocarbon profiles are influenced by both genetics and the
environment. In L. humile, diet modification has been used to alter cuticular
hydrocarbons and increase or decrease aggression between colonies depending on how it
is applied (Liang and Silverman 2000, Buczkowski et al 2005). In Leptothorax nylanderi,
nesting substrate strongly influences aggressive interactions between different colonies,
likely by altering cuticular hydrocarbons (Heinze et al 1996). Colonies of Messor
barbarus which were artificially induced to contain two or three queens in contrast to the
natural monogyne state were shown to have different cuticular hydrocarbon profiles than
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monogynous colonies lacking additional queens (Provost et al 1994). Nielsen et al (1999)
showed that in addition to variation between colonies, cuticular hydrocarbons varied
within colonies of Formica truncorum over time.
While a large variety of factors influence cuticular hydrocarbons, little research
has specifically addressed how laboratory maintenance may alter an organism’s
hydrocarbon profile when considering different diets, nesting materials, and climate
conditions. Additionally, studies on how lab conditions may themselves influence
aggression between ants (as opposed to some specific manipulation performed in a lab)
are rare. Toolson and Kuper-Simbron (1988) maintained Drosophila pseudoobscura in
the lab for seven years and showed evolutionary responses due to reduced dessication
stress. Laboratory colonies of Solenopsis invicata have been shown, after 18 months of
rearing, to be less aggressive towards any other lab colony than to field colonies.
However, aggression tests were only performed once at the end of the full 18 month
period, and cuticular hydrocarbons did not successfully predict the degree of aggression
in this study (Obin 1986). Tissot et al (2001) showed that lab-raised workers of
Pogonomyrmex barbatus had cuticular hydrocarbons with both qualitative and
quantitative differences from field colonies, but only sampled workers at a single time
point and did not examine any possible behavioral effects.
To examine the extent to which common laboratory conditions may influence ant
behavior and chemical profiles, I used T. sessile as a model system. T. sessile is easily
maintained in the laboratory and commonly studied as an urban pest species and an
example of certain invasive biological characteristics associated with a native species
(Buczkowski 2010). For this study, a combined approach examining both behavioral and
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chemical ecology was utilized. Unlike previous work on this topic, I conducted the same
tests every two weeks over a period of 16 weeks to determine in finer detail any potential
effects of the laboratory setting.

3.2 Methods
3.3.1 Colony Collection and Initial Testing
Colony fragments of four colonies of odorous house ants (Tapinoma sessile) were
collected on June 11th, 2016 from various points in West Lafayette, Tippecanoe County,
Indiana. These colonies were selected such that the remainder left in the field was
expected to be large enough to maintain itself throughout the field season even after a
substantial portion had been collected for laboratory maintenance. Workers from the
initial collection were paired in every possible colony combination for dyad aggression
tests, and hexane extracts of cuticular hydrocarbons were collected from workers from
each colony (described in more detail below). Every two weeks, fresh workers from each
colony were collected in the field and paired in every possible combination for
aggression tests (including field-field, field-lab, and lab-lab pairings for all colonies). On
the same days, CHC extracts were collected for workers from both field and lab colonies.

3.3.2 Aggression Tests
Aggression tests were performed using a 1-4 aggression scale (Suarez et al. 2002,
Buczkowski and Bennett 2008b) which measures the level of aggression each time any
two ants directly contact each other. For this study, the scale was slightly modified to
better reflect observed Tapinoma sessile behaviors. A score of 1 on the scale indicates
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that the ants made contact and then ignored each other, a score of 2 indicates either
fleeing or a stereotyped “threat” pose that I observed, a score of 3 indicates chasing or
brief lunging, and a score of 4 is marked for any prolonged fighting. For this study, all
aggression assays included one worker each from two colonies (where field and lab
fragments of the same initial colony are considered separate colonies), and pairs of
workers were observed for five minutes with all interactions scored. Workers were
observed in a two-dram glass vial with the top half coated with FluonTM, and were
discarded after each trial.

3.3.3 Cuticular Hydrocarbon Extracts
On each collection day, three groups of five workers each were collected from
each colony (where field and lab fragments of the same initial colony are considered
separate colonies). Workers were briefly chilled on ice to improve manipulation. Each
group of five workers was vortexed for two minutes in 250 µl of hexane. Extraction was
facilitated by a two minute bath sonication. Ants were removed and hexane extract was
stored at -20°C until analysis.
Samples were analyzed by coupled gas chromatography-mass spectrometry using
an Agilent 6890N gas chromatograph coupled to an Agilent 5975B mass selective
detector (Agilent Technologies, Santa Clara, CA, USA) equipped with an HP-5MS
capillary column (30m x 0.25mm x 0.25 μm film; Agilent Technologies) with helium
carrier gas. Samples were analyzed with splitless injection at 250°C, and a temperature
program of 100°C for 1 minute, ramped to 250°C at 10°C/min, and held for 15 min.
Relative abundance of each compound in the extracts was calculated as a percentage of
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the total corrected peak area of all hydrocarbons present in the total ion chromatograms
(ChemStation, Version B.03.01; Agilent Technologies).

3.3.4 Statistical Analysis
Behavioral assays were analyzed using a cumulative link mixed model in R (R Core
Team, 2015) with the package ordinal (Christensen 2015). The model compared the
maximum aggression score observed to the interaction of week and colony types, as well
as the interaction of colony identities as random factors and colony types. Colonies were
coded as colony 1 and colony 2 so that factors included colony 1 identity, colony 2
identity, colony 1 type, and colony 2 type.
The relative proportion of hydrocarbons were compared using permutational
multivariate analysis of variance (ADONIS) in R (R Core Team, 2015) using the vegan
package (Oksanen et al. 2016). Only those hydrocarbon peaks which accounted for at
least 1% of the total hydrocarbon abundance found were included in the analysis. The
dissimilarity matrix was generated using Euclidean distances, to examine both qualitative
and quantitative differences between samples and under the assumption that when two
samples both lack a given hydrocarbon entirely, that is a real biological similarity. 9999
permutations were used as part of the analysis. The predictor factors for the ADONIS
included colony identity, colony type (lab or field), and the week, and all interactions
between factors.
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3.4 Results
3.4.1 Behavioral results
The interaction between week and colony type was non-significant, both for individual
colony types (p = 0.307 and p = 0.210) and for all three factors together (week, colony 1
type, and colony 2 type) (p = 0.716). This similarity shows that the level of aggression
between workers did not change over time as a result of whether the source was a colony
maintained in the laboratory or fresh from the field.

3.4.2 Cuticular Hydrocarbon Results

Colony identity (p < 0.01), colony type (p < 0.01), and week (p < 0.01) all had significant
effects on the cuticular hydrocarbon profiles of the workers sampled. Furthermore, all
interactions between these effects were significant (p < 0.01). As expected, individual
colonies varied significantly, but whether workers came from a colony was maintained in
the laboratory or collected from the field did significantly affect cuticular hydrocarbon
profiles.
However, the R2 value for colony identity is 0.504, while the R2 for the
interaction of colony type and week is only 0.035. Therefore, differences due to variation
between individual colonies accounted for just over 50% of the overall variation
observed, while the effect of laboratory maintenance accounted for only about 3.5% of
the total variation. While these differences were statistically significant, they were
relatively minor in effect compared to differences between colonies. See figures 3.1 and
3.2 for representative examples from the Pao colony.
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3.5 Discussion
The purpose of this study was to determine if lab maintenance has a significant effect on
cuticular hydrocarbons and conspecific aggression in T. sessile over a 16-week period,
and to provide a model study for others to further examine the ecological relevance of
common research techniques on a variety of ant and other arthropod species. At least
within this population of T. sessile on this time scale, I observed no difference in
aggression between colonies maintained in the lab for the entirety of the study period and
freshly collected workers from the field at any point. This contradicts previous similar
work by Obin (1986), which tested differences in aggression in Solenopsis invicta after
18 months. It is possible that different species are differentially susceptible to altered
responses under laboratory settings, that 16 weeks was too short of a time scale to
observe an effect, or both.
In contrast, differences in cuticular hydrocarbon profiles based on laboratory
maintenance were observed, similar to Tissot et al. (2001). However, these differences
were minor in effect compared to the differences explained simply by colony-level
variation. This may help to explain why aggression was not altered even as cuticular
hydrocarbon profiles did change. It is possible that the variation due to individual colony
identity was so strong as to essentially overwhelm any effects of laboratory maintenance.
A strength of this study over previous work on the same topic is the collection of
multiple observations throughout the study period. All research I was able to find only
included initial and final time points, likely missing some of the detail of any changes
which occurred. It is my hope that this study will serve as a model for further research
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regarding the ecological relevance of many common laboratory techniques used in ant
systems.
While this study is encouraging in terms of validating common laboratory
methods used in behavioral ant research, it is limited by time scale, by species, and by
population. Furthermore, while the differences observed in cuticular hydrocarbon profiles
were small in magnitude, they were statistically significant after only 16 weeks. It is
almost certain that different species will show different responses if tested in the same
way, and it is even possible that other populations of T. sessile may show different
results. While it was outside the scope of this experiment to maintain colonies over the
winter and continue with the same laboratory colonies the following spring and summer,
it would also be interesting to see if differences become more pronounced after an
overwintering period for field populations.
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CHAPTER 4. SUMMARY

4.1 Summary
Odorous house ants are a challenging urban pest, but moreover, they serve as an
interesting system through which to study ant social organization and invasion biology.
Despite being a native species to North America, the success of T. sessile in urban
habitats mirrors exotic invasive species in a variety of ways, from the shift towards largescale polygyny and polydomy to reduced biodiversity of other ant species (Buczkowski
2010, Salyer et al. 2015). While superficially appearing similar to the Argentine ant, a
member of the same subfamily, there are also significant differences: T. sessile has never
developed unicoloniality to the extent that Argentine ants achieve, and moreover, the
urban invasions of odorous house ants do not appear to be associated with the genetic
bottleneck effect that is commonly seen in exotic populations of L. humile (Menke et al.
2010). Unlike many facultatively polygynous species, T. sessile’s polygynous form
appears to be more aggressive towards conspecifics, possibly hinting at similarities to
Leptothorax ambiguus in which colony size, rather than social structure, was correlated
with increased aggression. While this was not directly tested, the heightened aggression
within urban colonies also offers a plausible explanation for the switch from the generally
subdominant status of natural T. sessile to the extreme abundance of T. sessile in the
urban environment, as extremely large polygynous and polydomous colonies may be able
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to excel at both resource discovery and exploitation and aggressive interference
competition with heterospecific ants (Davidson 1998).
While laboratory-maintained colonies are commonly used to study various
manipulations of ant ecology, relatively few studies have directly addressed the possible
effects of laboratory conditions themselves on ant behavior and cuticular hydrocarbon
profiles. Furthermore, the majority of such studies tested only two time points for their
observations, and most include only data on cuticular hydrocarbons or behavior rather
than examining the two closely linked factors together. This study showed that no
changes in conspecific aggression resulted due to laboratory maintenance for urban T.
sessile from West Lafayette, Indiana over the course of 16 weeks. Changes in cuticular
hydrocarbons due to laboratory maintenance over time were observed, although these
differences were minor compared to the effects of variation between colonies. While this
study is encouraging for the field relevance of common laboratory behavioral techniques,
similar studies over longer durations and with different species (and populations) would
be useful to further clarify any possible confounding effects of laboratory maintenance.
Odorous house ants are, and will continue to be, a useful model system for
studying a variety of questions related to invasive ants, variability in social insect
behavior, and integrated pest management. Even well-established patterns may not apply
to all species, and continued investigation will be invaluable in revealing what factors
cause certain organisms to deviate from predictions – or, ideally, to form more precise
predictions that incorporate such factors.
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Dyad Aggression Results
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Figure 2.1. Maximum aggression score results by pair type in dyad aggression assays.
Numbers inside the stacked bars are the total number of observations with a given
maximum aggression score. The legend refers to the aggression score observed. Greater
avoidance behavior (2s and 3s) was observed in natural-natural pairings than in naturalurban or urban-urban pairings.
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Small Group Aggression Results
4.5
A
4

3.5
B

Mean Dead

3

2.5
B
2

1.5

1

0.5

0

Natural-Natural Natural-Urban

Urban-Urban

Pair Type
Figure 2.2. Small group aggression results. Trials containing natural colonies were not
significantly different from each other, while urban-urban pairings were significantly
different from natural urban (p = 0.016) and natural-natural pairings (p < 0.001 ). Urbanurban pairings were most aggressive, consistent with the dyad aggression assays.
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Colony Merging Aggression Results
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Figure 2.3. Colony merging aggression results. While urban-urban and natural-urban
pairings did have significantly higher mortality than natural-natural pairings, this
difference was explained by the random effect of colony identity just as well as it was
explained by the pairing type (p = 0.237).
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July 9th Pao Colony Cuticular Hydrocarbon Profiles
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Figure 3.1. Cuticular hydrocarbon profiles from the Kalberer colony on July 9th. This
figure shows representative cuticular hydrocarbon profiles from the Kalberer Colony on
Week 4 of the study. While individual colonies varied, all colonies showed a similar
overall shape to the profile. The analysis for this study focused on relative abundance of
compounds within a sample rather than comparing absolute abundance, so the
magnitudes of the peaks are not relevant except insofar as they contribute to differences
in relative abundance.
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October 1st Pao Colony Cuticular Hydrocarbon Profiles
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Figure 3.2. Cuticular hydrocarbon profiles from the Pao colony on October 1st. This
figure shows representative cuticular hydrocarbon profiles from the Pao Colony on Week
16 of the study, the final week observed. While individual colonies varied, all colonies
showed a similar overall shape to the profile. The analysis for this study focused on
relative abundance of compounds within a sample rather than comparing absolute
abundance, so the magnitudes of the peaks are not relevant except insofar as they
contribute to differences in relative abundance.

